Testicular tumors of germ cell origin are extremely rare in rats. We encountered 2 cases of teratoma and embryonal carcinoma in the testes of 8-and 10-week-old Sprague-Dawley IGS rats. A unilateral tumor mass with bilateral testicular atrophy was observed macroscopically in both cases. Microscopic examination revealed that the tumor mass had characteristic features of a teratoma and was composed of several types of differentiated cells and tissues at various stages of maturation. Embryonal carcinoma tissue, composed of undifferentiated cells with an embryonic and anaplastic appearance, was observed within the tumor mass. In addition, foci of intratubular teratomas and embryonal carcinomas were observed in the testis on the side without any obvious mass. No obvious germ cells were observed in the seminiferous tubules in the remnant nontumorous area. Furthermore, intratubular transition of cells was observed from the embryonal carcinoma tissue to the squamous epithelium. This finding indicates that an embryonal carcinoma differentiates toward a teratoma even at a very early stage of development of the germ cell tumor.
BACKGROUND
Testicular tumors of germ cell origin are extremely rare in rats (8) , whereas 90% of human primary testicular tumors, which constitute 1 % of cancers in men, are considered to be of germ cell origin (19) . In animals, the inbred strain 129 mouse is known to develop testicular teratomas (15) (16) (17) (18) . There is limited information on teratomas of the testes in rats, however, although several cases of extragonadal teratomas in Sprague-Dawley (SD) (2) , Wistar (10, 12, 13) , and Donryu (3, 4) rats have been reported. In the human testis, teratoma accompanied by embryonal carcinoma, termed teratocarcinoma, is observed frequently and is the most common of the human testicular tumors that consist of more than one histological type of germ cell (19) .
We encountered 2 cases of a teratoma combined with embryonal carcinoma in the testes of Crj:CD(SD)IGS BR rats during routine studies. The aim of this report is to describe the morphology of these rare tumors and to discuss the histogenesis of the teratoma and embryonal carcinoma. Although a few reports on testicular teratoma and embryonal carcinoma in rats have appeared in the literature (8) , the combination of these tumors has not been described.
CASE REPORTS
Two male Crj:CD(SD)IGS BR(SD IGS) rats (Charles River Japan Inc, Shiga, Japan) were found to have testicular masses at autopsy or during sample preparation in routine 28-day repeated dose toxicity studies conducted in our laboratory. The rats were aged 8 weeks (case 1) and 10 weeks (case 2), respectively. Both rats had been assigned to vehicle control groups and had been admin-istered purified water orally for 28 days. They were found among 401 SD IGS rats that had been assigned to vehicle-treated groups in routine studies conducted over a recent 3-year period, studies in which testes had been examined histopathologically. The rats were housed individually in stainless-steel wire-mesh cages in a controlled environment with a 12-hour light-dark cycle (lights on at 0700); the temperature was maintained at 23 ± 2°C and 50 ± 10% humidity. Rats were fed MF diet (Oriental Yeast Co, Tokyo, Japan) and tap water was provided ad libitum until sacrifice. All animals were cared for according to the principles outlined in the guide for animal experimentation prepared by the Japanese Association for Laboratory Animal Science. The animals showed no abnormalities in clinical, hematological, and biochemical examinations. Body weight gain and food intake were normal.
Gross Pathological Examination
In case 1, the left testis contained a mass, whereas the right testis and the remnant area of the left testis appeared atrophic at autopsy. In case 2, only bilateral testicular atrophy was observed at autopsy. A tumor mass was recognized in one side of the testis during preparation of microscopic specimens. The cut surface of the masses was solid and whitish, with diameters of 12 and 6 mm in cases 1 and 2, respectively. The tumors were not encapsulated, nor had they erupted out of the serosa. There was no cryptorchidism in either of the cases.
Histopathological Examination
Specimens were fixed in 10% neutral-buffered formalin and were processed in paraffin. More than 10 sections were prepared at intervals of approximately 40 pLm from each paraffin block. The slides were stained with hematoxylin and eosin (HE). 
Case 7
The tumor in the left side of the testis had characteristic features of a teratoma and was composed of many kinds of differentiated cells and tissues at various stages of maturation ( Figure 1A ). Neural tissue, ductal structures lined by keratinized squamous epithelial cells together with cuboidal, ciliated columnar or mucus-containing epithelium, striated muscle fibers, adipose tissue, and loose connective tissue were arranged haphazardly in the tumor. Other components were cartilage, bone, and glandular structures that resembled salivary glands and apocrine glands. Areas of hemorrhage were observed occasionally. Tissues simulating the nervous system were dominant in the tumor. Neuroepithelial rosettes were also observed frequently. Within the tumor mass an embryonal carcinoma, composed of undifferentiated cells with an embryonic and anaplastic appearance, was also observed ( Figure 1B ). The foci of embryonal carcinoma were disseminated within the teratoma; the largest focus was approximately 3 mm in diameter and was characterized mainly by papillary projections consisting of single to multiple layers of anaplastic epithelial-like cells. Some regions appeared to resemble a developing yolk sac, with structures resembling embryonic disks and a large num-ber of mitoses. The other foci were as small as the residual seminiferous tubules, with ductal. structures lined by cells resembling undifferentiated embryonal cells. No obvious germ cells were observed in the seminiferous tubules in the remnant nontumorous area of the left testis, and these tubules were lined only by Sertoli cells.
As was the case in the left testis, all of the seminiferous tubules in the right testis were atrophic and were lined only by Sertoli cells with absent spermatogenesis. Some of tubules were lined by cells with a plump cytoplasm and round or bizarre nuclei that were similar to those in the embryonal carcinoma present in the left testis. The layers of the lining cells were single or multiple, with occasional formation of ductlike structures (Figure 2A ).
In addition, a tubule was observed that was filled with tissue resembling neuroepithelial rosettes ( Figure 2B ). These lesions in the right testis were retained within the tubules. Furthermore, such tubules were distant from each other in cross sections of tissue, so that each focus of the lining of the abnormal cells did not appear to be contiguous.
Case 2
The mass detected macroscopically in one side of the testis in case 2 had a microscopic appearance similar to FIGURE 2.-A) Intratubular growth of embryonal carcinoma cells from the left testis of the rat in case 1. No spermatogenesis is apparent in the remnant seminiferous tubules. B) Intratubular growth of teratoma cells with neuroepithelial rosettes from the left testis of the rat in case I. Arrowhead indicates abnormal cells partially lining a tubule. C) Ductlike structure formation with a keratinized layer circumscribed by embryonal carcinoma cells proliferating within a seminiferous tubule from case 2. H&E.
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that observed in case 1. Part of the teratoma had a dominant component of neural tissue and striated muscle fibers. Neuroepithelial rosettes were present but were not as frequent as they were in case 1. Glands with eosinophilic secretory granules and notochord-like structures were also seen. The embryonal carcinoma component and remnant nontumorous area were identical in appearance to those observed in case 1.
The histomorphological appearance of the other side of the testis-which was without a mass-was also sim-ilar to that observed in case 1. Some of the atrophic seminiferous tubules were lined by atypical embryonic cells or were filled with neuroepithelium-like structures. A unique finding was that in the side of the testis that did not contain a mass, both abnormal embryonic cells and keratinized tissue existed together within the tubule, in which embryonic cells seemed to differentiate toward squamous cells (Figure 2C ).
DISCUSSION
The histomorphology of the testes in cases 1 and 2 was identical. Against a background of seminiferous tubules without spermatogenesis, 2 types of tumor cells were observed, a teratoma and an embryonal carcinoma.
In each case, the other side of the testis, which had no apparent mass, also had multiple foci of abnormal cell proliferation.
The teratomas in cases 1 and 2 contained immature components such as neuroepithelial rosettes. Embryonal carcinomas must be distinguished from teratomas with malignant areas (such as squamous or mucous adenocarcinomas), although these types of tumors are very rare in humans (7) . We considered the tumors in the present cases to be embryonal carcinomas, because they were composed of large and anaplastic epithelium-like cells with a primitive appearance and also because they contained structures resembling embryonic disks and a developing yolk sac (6) . These structures gradually changed to papillary or tubular structures, which mimic those observed in adenocarcinomas of somatic cell origin.
In each case, a macroscopically detectable mass was present in one side of the testis, whereas multiple foci with intratubular growth of abnormal cells were detected microscopically in the other side. Though both embryonal carcinomas and teratomas have malignant potential (1) , we considered these foci to be primary and multicentrically occurring tumors rather than metastases from the mass on the other side of the testis. It was obvious that these carcinomas occupied seminiferous tubules but not blood and lymph vessels. A tubule was observed that was partially lined by abnormal cells, thus indicating in situ growth of these cells ( Figure 2B ). Examination of semiconsecutive cross sections revealed that each focus was not contiguous through the seminiferous tubules, because the foci on cross sections seemed too distant from each other to form a single intratubular lesion. Furthermore, no metastases were observed in routine histopathological examinations of the liver, kidneys, spleen, and adrenals. Considering that metastasis from one side of the testis to the other is unlikely to occur, bilateral occurrence of testicular tumors of germ cell origin seemed to be an appropriate diagnosis. In humans, the overall incidence of bilateral germ cell tumors of the testis is approximately 2.7% (11). Intratubular growth of abnormal cells comprising a teratoma or embryonal carcinoma is considered to be an early stage in the development of these tumors. We observed both embryonal carcinoma cells and keratinized squamous cells with cell layers that gradually shifted morphologically from the former to the latter, indicating that an embryonal carcinoma may differentiate toward a teratoma, even at a very early stage of development of the germ cell tumor. The schema that totipotent primordial germ cells develop into embryonal carcinomas, which eventually differentiate into teratomas, is a wellaccepted concept (1, 9, 19) , even at the stage at which tumor cells remain within the seminiferous tubules (9) . Therefore, all of the lesions observed bilaterally in the testes of the present cases may be virtually identical in terms of their origin, the only difference being the stage of tumor progression.
The tubules lined by malignant cells bore a resemblance to a carcinoma in situ in the testis in humans; this type of carcinoma also originates from germ cells, although the morphology of the intratubular tumors in the present cases resembled an embryonal carcinoma and a teratoma. A carcinoma in situ occurs against a background of atrophic seminiferous tubules, with minimal or absent spermatogenesis, in men (5, 14, 19) . The tumors of germ cell origin in nontumorous tissue without spermatogenesis observed in both of the rat testes may be analogous to the situation in humans, although the mechanism is unknown.
In each case, the lesions were found when histopathological examination of a section prepared for routine studies was performed. At the time of examination, both of the cases were diagnosed as unilateral testicular teratomas. However, after further inspection of more than 10 sections from each specimen, a combination of a teratoma and an embryonal carcinoma of both testes was disclosed as a diagnosis. This indicates that when a germ cell tumor is observed in routine studies, further detailed examination of the specimen must be performed to obtain an accurate diagnosis.
In summary, 2 cases of bilateral testicular tumor were observed in SD IGS rats, and these tumors were revealed to be a combination of a teratoma and an embryonal carcinoma, both of which are extremely rare tumors in rats. Furthermore, observation of intratubular transition of cells from the embryonal carcinoma tissue to the squamous epithelium implied that an embryonal carcinoma may develop into a teratoma at a very early stage of tumor progression.
